Streambeds commonly tend toward a stable condition by adjusting to the discharge and to the character and quantity of sediment supplied. However, major deviations from this stable condition may occur during a stream's history because of floods of large magnitude. This was dramatically illustrated in northwestern California by the major streambed alterations associated with the flood of December 1964, in which vast quantities of sediment entered the channels and caused a general rise in streambed elevations.
Knowledge of how much these elevations exceeded the prior streambed elevations is very important for the design of hydraulic structures. This is especially true for the design of bridge footings and of invert elevations for river inflow and outflow conduits.
In California, very little, if any, work has been done to determine and to compile the available streambed data. This report fills that need, in part, by compiling the historical low-water streambed elevaEl E2 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES LOW-WATER STREAMBED ELEVATIONS, NW. CALIFORNIA
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tions at selected stream-gaging stations in the northwestern drainage basins of the State.
The low-water streambed elevations in this report are the mean elevations of the low-flow channels. This particular value was used because it is a good index from which to view the iong-term effects of channel fill and scour. Also, this value may be the most significant for the design of river structures.
The part of northwestern California investigated is shown on plate 1 and is approximately between lats 39°15' and 42°00' N., and between longs 120°15' and 124°10' W. The area is drained principally by the Eel, Mad, Klamath, and Smith Rivers and Redwood Creek. Smaller streams, such as the Elk and Little Rivers and Jacoby Creek, drain the slopes immediately adjacent to the coast. Bed material for most of the streams is gravel (1-100 mm), and the most common particle size is in the pebble range (4-64 mm). The surface-water hydrology of this region was discussed by Rantz (1964) .1 ACKNOWLEDGMENTS This study was made under the terms of a cooperative agreement between the U.S. Geological Survey and the California Department of Water Resources. The report was prepared under the general supervision of R. Stanley Lord, California district chief for the Water Resources Division of the U.S. Geological Survey, and under the immediate supervision of L. E. Young, chief of the Menlo Park subdistrict office. J. Ned Dempsey assisted in the calculation and preparation of the data.
CALCULATION OF LOW-WATER STREAMBED ELEVATIONS
The streambed elevations in this report were calculated from discharge measurements obtained during low-flow periods in the vicinity of the selected gaging stations (pI. 1). The average depth of water was subtracted from the gage height of the water surface to give the average streambed elevation with reference to gage datum. Because the data were collected during low-flow periods, the calculated streambed elevations were those of the low-water channels. Two or more streambed elevations for each year were at'eraged to obta.in a mean yearly value. That value was used to illustrate the year-to-year changes in streambed elevation at each gaging station ("Graphs of Yearly Streambed Elevations," p. E7-E29).
Eighty-six of the calculated streambed elevations were compared with measurements of the lowest elevation at gaging-station control sections. Seventy-seven of the calculated elevations were within ±0.50 foot of the control-section elevations, and 84 were within -0.50 to +0.70 foot. These comparisons indicated that the data and method yielded a representative index of the actual channel elevation.
Because the measurement error of each calculated elevation is unknown, the determination of significant streambed changes is hindered. However, the above comparisons suggest that a I-foot difference between yearly average elevations is a valid indication of change. For that reason, a change of more than 1 foot between yearly elevations is considered to be indicative of significant natural streambed modifications.
LONG-TERM AND SHORT-TERM RECORDS
The streamflow records from the selected gaging stations are categorized in this study as long-term and short-term records. Long-term records are those that exceed 5 years in length and generally include September 1965. Short-term records are those that are less than or equal to 5 years in length, and include both September 1964 and September 1965. Graphs showing the variations in low-water streambed elevations for the long-term records are shown on pages E7-E29. The short-term records were not plotted as graphs but were incorporated into the study because of the major streambed changes that occurred hetween September 1964 and September 1965.
The gaging station sites chosen were those not affected significantly by streamflow regulation or by manmade stabilizing influences, such a.,; concrete gaging-station control sections. Of the 70 gaging stations operating in the report area in September 1965, 54 were selected; and 46 of these have long-term records and eight have short-term records. The 54 stations are shown on plate 1 and are identified in table 1 by name and number. The pages on which the long-term records are plotted are also shown in Streambed fill and scour are continuous processes that have their most pronounced effect during periods of high-water discharge. In northwestern California, high-water discharges are seasonal and occur primarily between the months of November and June. The period of In the area studied, most of the observed changes were positive--that is, the streambeds filled. It has to be expected that a long-term decrease in streambed elevation will probably occur in the future, provided that the banks and landslopes stabilize. Any design for structures built in the stream channels will have to take this future reduction in streambed elevations into account. low-water discharge, or base flow, occurs between July and October, and during this period streambeds undergo very little change. Each yearly low water streambed elevation calculated for this study, therefore, represents the net effect of the fill and scour that occurred at the gage site during the previous high-water period. The elevation changes recorded in this report, ranging from negligible to 13 feet, establish a frame of reference from which the magnitude of design problems dependent upon streambed change can be viewed. It is not possible to interpolate or extrapolate magnitudes of expected change directly. However, selection of gaging-station sites were geologic and hydrologic conditions are comparable to those at a proposed construction site should permit determination of a range of elevation changes that might be expected at the construction site.
The greatest recorded changes in streambed elevations generally occurred between the low-water periods of 1964 and 1965 and were related to the floods of December 1964. At 25 of the 51 stations that have records covering this period, the elevation change exceeded 1 foot, and at all but nine of 51 stations the change represented fill. Most of the fill material probably entered the streams from bank erosion and landslides associated with the flood. At several sites, particularly· in the vicinity of gaging stations 11--4729 and 11-4730 in the Eel River basin and 11-5290 in the Klamath River basin, fill continued during the high-water period of November 1965 to June 1966. The gravel fill material probably was, in part, derived from continued bank erosion and landslides during the 1965-66 high-water period and, in part, from material that was brought into the upstream reaches of the affected streams during the flood of December 1964 and later transported downstream to the gage sites by the 1965-66 high water. The 1964-65 changes in low-water streambed elevations are tabulated in table 1, and are shown on plate 1. Comparative croSs sections for some of the stations with the greatest 1964-65 changes are shown on pages E30-E33. The pages on which these cross sections are plotted are given in table 1. At some of the stations the streambed elevations were altered over the years in response to manmade as well as natural causes. The principal manmade causes were the addition of sediment as a result of highway construction along the stream and the removal of sediment for channel improvement or for commercial sand and gravel supplies. The effect of these manmade influences is clearly evident in the graphs for gaging stations 11--4725, 11-4765, and 11--4766 in the Eel River basin (p. E7, E12, EI3), 11-4810 in the Mad River basin, and (p. EI6), and 11-5178, 11-5223, and 11-5265 in the Klamath River basin (p. E19, E21, E25). 8, 1960; 77,900 cfs Dec. 22, 1964 77,900 cfs Dec. 22, . 1915 77,900 cfs Dec. 22, 1920 77,900 cfs Dec. 22, 1925 77,900 cfs Dec. 22, 1930 77,900 cfs Dec. 22, 1935 77,900 cfs Dec. 22, 1940 77,900 cfs Dec. 22, 1945 77,900 cfs Dec. 22, 1950 77,900 cfs Dec. 22, 1955 77,900 cfs Dec. 22, 1960 77,900 cfs Dec. 22, 1965 77,900 cfs Dec. 22, 1970 YEARS 0 1~1
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